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(57) ABSTRACT 

A method of adding a neW operation stored in a neW 
operation module to softWare driving an echocardiographic 
revieW station, Which performs (a) detecting, by the softWare 
driving the echocardiographic revieW station, a presence of 
a neW operation module not previously present in the 
softWare; and (b) executing the neW operation module from 
the softWare driving the echocardiographic revieW station. 

42 Claims, 4 Drawing Sheets 
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METHOD FOR ALLOWING PLUG-IN 
ARCHITECTURE FOR DIGITAL 

ECHOCARDIOGRAPHY LAB IMAGE 
PROCESSING APPLICATIONS 

BACKGROUND OF THE INVENTION 

Ahospital’s echocardiography lab performs analysis on a 
patent’s heart data. For example, a viewing station in the lab 
allows doctors and technicians to vieW medical images on 
computer terminals for purposes of medical diagnosis. Mea 
surements and various functions can be made on the dis 
played images. For example, a heart image can be displayed 
from previously acquired image data, and a technician can 
automatically perform functions on the data. For example, a 
technician can automatically use a softWare package to 
compute and display a heart’s density. 

Heart images can be acquired by an ultrasound system, 
and the images can then be digitally transferred to an 
echocardiographic revieW station. The echocardiographic 
revieW station can receive the digital image, display it, and 
perform a number of operations on it. 
NeW features and operations are commonly made avail 

able periodically. For example, a neW feature may comprise 
an improved Way to vieW a heart image, or neW calculations 
on heart images. 

In the past, When neW features Were desired to be added 
to a particular echocardiographic revieW station, the neW 
features Would have to be added directly into the source 
code. The end user of the softWare Would then have to 
acquire the neW source code and replace the previous 
version. This method is burdensome, as it typically requires 
substantial computing and/or operator time to install the neW 
source code. A further problem With this method is that a 
developer is required to be familiar With the internal Work 
ings of the revieW station in order for him to develop 
softWare code to implement a neW feature. 

Therefore, What is needed is an easy Way to add func 
tionality to an echocardiographic revieW station. 

SUMMARY OF THE INVENTION 

In one embodiment, the present invention provides for 
alloWing an echocardiographic revieW station to incorporate 
different modules Without having to recompile or modify the 
softWare driving the echocardiographic revieW station itself. 
Additional modules are added by use of a plug-in architec 
ture. Modules can be added as separate ?les Which can be 
executed from softWare driving the echocardiographic 
revieW station itself. Thus, additional functionality can be 
provided to an echocardiographic revieW station With mini 
mal effort on the part of the user or the system operator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The various objects and advantages of the invention Will 
become apparent and more readily appreciated from the 
folloWing description of the preferred embodiments, taken 
in conjunction With the accompanying draWings of Which: 

FIG. 1 is one example of a screen shot illustrating one 
example of a menu screen of an echocardiographic revieW 

station; 
FIG. 2 is one example of a screen shot illustrating one 

example of an output of an echocardiographic revieW sta 
tion; 

FIG. 3 is one example of a screen shot illustrating one 
example of hoW a particular plug in can be selected from the 
echocardiographic revieW station; 
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2 
FIG. 4 is a block diagram illustrating one embodiment of 

hoW plug-ins can be executed according to the present 
invention; 

FIG. 5 is a ?oWchart illustrating another embodiment of 
hoW plug-ins can be executed according to the present 
invention; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference Will noW be made in detail to the present 
preferred embodiments of the present invention, examples 
of Which are illustrated in the accompanying draWings, 
Wherein like reference numerals refer to the like elements 
throughout. 
The present invention alloWs a digital echocardiographic 

revieW station to easily added neW functionality and opera 
tions. NeW functionality and operations can be added to the 
echocardiography system by using “plug ins.” 

EnConcert, by Philips Medical Systems, is one example 
of a softWare application used in echocardiography labs to 
drive an echocardiographic revieW station, alloWing users to 
vieW and analyZe cardiac ultrasound images acquired by 
ultrasound imaging devices. The images can typically be 
transmitted over a netWork to an echocardiographic revieW 

station (for example, an EnConcert server) in the course of 
a patient exam, but can also be transferred to the server via 
a computer readable storage medium, such as a magneto 
optical disk. Once on the server, the images may be called 
up by echocardiographic revieW stations (for example 
EnConcert clients) Which also reside on the netWork (or 
perhaps on the server itself). Once the images are on the 
server, they are then revieWed by the reading cardiologist 
and a diagnosis is made of the patient’s condition. The server 
can typically display moving images, Which the cardiologist 
can use to make his diagnosis. The result of this procedure 
is typically a report containing various diagnostic ?ndings, 
comments, etc. An echocardiographic revieW station can 
typically perform such operations as measuring operations 
that measure physical characteristics based on the images 
and displaying ultrasound images including moving images. 
The vieWing system performs any operation needed by a 
cardiologist and any other medical professionals to make 
diagnosis and medical conclusions. 

FIG. 1 is one example of a screen shot illustrating one 
example of a menu screen of an echocardiographic revieW 
station. This screen shot provides an overvieW of all of the 
images stored for a patient study. One or more of the images 
my be selected by clicking on them, Which results in that 
image being “played,” or in other Words starts a digital 
animation of that particular image Which Was acquired in 
digital form by ultrasound technology. 
The thumbnail page of FIG. 1 is shoWn as an example of 

operations performed by an echocardiographic revieW sta 
tion. Of course, many other operations not described herein 
are typically performed by such stations. 

FIG. 2 is one example of a screen shot illustrating one 
example of an output of an echocardiographic revieW sta 
tion. Aheart image 200 is displayed in the center, and might 
be displayed using moving images. A patient information 
WindoW 202 contains patient information. A study informa 
tion WindoW 204 contains study information. Control but 
tons 204 on the bottom of the display alloW an operator to 
control aspects of the display, such as forWarding, 
reWinding, adjusting image characteristics such as gray 
scale, etc. 

FIG. 3 is one example of a screen shot illustrating one 
example of hoW a particular plug in (or operation module) 
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can be selected from the echocardiographic revieW station. 
A function menu 302 can be displayed by using any one of 
a number of input methods. For example, a right click of a 
mouse can bring up the function menu 302, or else the 
function menu can be selected from the tool bar 304. On the 
function menu 302, a plug-in selection 304 is displayed. 
Upon selecting the plug-in selection 304, a plug in WindoW 
306 is displayed. The plug in WindoW 306 displays all of the 
available plug-ins. Any of the plug ins displayed in the plug 
in WindoW 306 can be executed by clicking the desired name 
for the plug in. 
A neW operation can be added to the echocardiographic 

revieW station in a number of different Ways. A ?rst Way is 
to copy a program comprising an executable plug-in into a 
particular directory identi?ed by the vieWing softWare as 
containing plug-ins. The plug-ins can then be executed from 
this directory. 

FIG. 4 is a block diagram illustrating one embodiment of 
hoW plug-ins can be executed according to the present 
invention. 

VieWing softWare 400, Which is the softWare executing to 
receive, edit, and display the echocardiographic images (as 
discussed above), resides and executes on a computer sys 
tem (not shoWn). Aparticular directory 402 (or directories) 
stores all of the plug ins loaded onto the system. For 
example, the directory 402 lists an entry for plug in A 404 
and an entry for plug in B 406, the entries pointing to the 
actual locations of the ?les themselves. The ?les themselves, 
plug in A 408 and plug in B 410 are stored on the computer 
system. 
When a user of the echocardiographic revieW station 

desires to execute a plug in and identi?es the plug in, the 
softWare driving the echocardiographic revieW station Will 
execute the actual plug in ?le. The plug in can either run 
simultaneously With the softWare (i.e. using a different 
process), or the processor can be temporarily dedicated to 
executing the plug in While the plug in executes. 

In addition, the plug in may require resources or variables 
from the softWare itself. Therefore, a plug in interface 412 
can assist the plug in With these matters. For example, the 
interface 412 can interactively transfer values such as vari 
ables and image data from the softWare as requested by the 
plug in While the plug in executes. The protocol for the 
interface 412 can be made publicly available, so that third 
parties can develop plug ins for the echocardiographic 
revieW station With ease. 

Another Way the plug in interface 412 can operate is a ?le 
can be speci?ed by the plug in to the interface, Which 
comprises a list of information necessary to interface With 
the vieWing softWare. For example, the list can comprise 
image ?le names, calibration data for the image ?les, 
demographic data, etc. The plug in Would then operate on 
the input data and produce results Which may comprise 
modi?ed image ?les or text pages. The results can then be 
displayed by the echocardiographic revieW station, or out 
putted to a separate ?le. 

FIG. 5 is a ?oWchart illustrating another embodiment of 
hoW plus-ins can be executed according to the present 
invention. 

In operation 500, a user indicates a selection of a plug-in. 
This can be done, for example, by selecting a menu selection 
dedicated for execution of a plug in. As another example, a 
pointing device can be used to directly indicate that the user 
desires to execute a plug in. For example, a mouse can be 
right or left clicked. 
From operation 500, once the user indicates that it is his 

desire to run a plug in, the process then proceeds to operation 
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4 
502, Wherein the user locates the plug in ?le. This can be 
done by identifying a particular directory on the system 
Where a plug-in is located, or even by identifying a storage 
device (i.e. a ?oppy drive) that stores the desired plug in. 
From operation 502, once the desired plug in is located, 

then the vieWing softWare executes the plug in. The plug in 
can be executed simultaneously With the vieWing softWare, 
or sequentially. 

Further, note that a plug in may have a separate extension, 
identifying it as a plug in for a particular softWare package 
driving an echocardiographic revieW station (i.e. 
EnConcert). 

Thus, there are many bene?ts of the above-described 
architecture. For example, the self encapsulated nature of 
plug ins alloW for quick development and testing. When a 
plug in is added, only the plug in itself Would need to be 
tested, not the entire vieWing softWare. 

In addition, the details of the plug in interface can be 
published so that third parties can develop and market plug 
ins, and users can mix and match plug in depending on their 
individual needs. Plus, unlike the current system in Which 
the entire vieWing softWare has to be recompiled or rebuilt 
before an addition can be made, using a plug in for this type 
of application means the developers of the plug in do not 
require internal knoWledge of the softWare driving the 
echocardiographic revieW station. 

Particular applications that plug ins can be used are, for 
example, computing a boundary detection Which automati 
cally detects a heart Wall and other boundaries in an ultra 
sound image; an image analyZer Which analyZes images 
produced by a color kinesis feature; a left ventricular volume 
calculation Which analyZes a loop of images and calculates 
a volume of a left ventricle; a pisa calculation Which 
calculates a surface area of a regurgitant jet; a speckle 
analysis Which analyZes speck in an image; a cardiac mass 
calculation Which calculates a cardiac mass from an image; 
and an acoustic densitometry calculation Which calculates an 
acoustic densitometry of an image. 
Any of the above calculations can be computed by 

conventional methods already publicly available in the prior 
art. 

For examples of articles describing these calculations, 
see: Anatomic Validation of a Novel Method for Left Ven 
tricular Volume and Mass Measurements With Use of Real 
Time 3-Dimnesional Echocardiography, Michael A. 
Schmidt et al., J Am Soc Echocardiogr 2001;14:1—10; 
Neural NetWork Modeling of Ultrasound Speckle, Renata 
Smolikova, CSE Program, University of Louisville; In vitro 
Analysis of Color Doppler FloW Using Proximal Isovelocity 
Surface Area Improved FloW Estimates Using A Non Hemi 
spherical Model, Robert M. IWanochko, Division of 
Cardiology, Queens University, Kingston Ontario, Canada; 
Boundary Detection in Cardiovascular Ultrasonic Images 
Based on Multiscale Dynamic Programming, Quan Liang, 
School of Electrical and Computer Engineering, Chalmers 
University of Technology; Also see the Web site for Philips 
Technologies at the time this Application is ?led contains 
information on these calculations as Well. 

Although a feW preferred embodiments of the present 
invention have been shoWn and described, it Would be 
appreciated by those skilled in the art that changes may be 
made in this embodiment Without departing from the prin 
ciples and spirit of the invention, the scope of Which is 
de?ned in the claims and their equivalents. 
What is claimed is: 
1. A method of adding a neW operation stored in a neW 

operation module to softWare driving an echocardiographic 
revieW station, comprising: 
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detecting, by the software driving the echocardiographic 
revieW station, a presence of a neW operation module 
not previously present in the softWare; and 

executing the neW operation module from the softWare 
driving the echocardiographic revieW station. 

2. A method as recited in claim 1, Wherein the executing 
occurs Without reloading the softWare. 

3. A method as recited in claim 1, Wherein the detecting 
checks a predetermined directory for presence of the neW 
operation module. 

4. A method as recited in claim 1, Wherein the detecting 
is achieved by the presence of data produced by a prereg 
istering of the neW operation module With the softWare. 

5. A method as recited in claim 1, Wherein the detecting 
is achieved by manually calling the neW operation module 
from Within the softWare. 

6. A method as recited in claim 1, Wherein the echocar 
diographic revieW station displays moving cardiac images 
stored in digital form. 

7. A method as recited in claim 1, Wherein the neW 
operation module comprises a module to execute along With 
the softWare driving the echocardiographic revieW station, 
the module manipulating or performing calculations relating 
to digital images acquired by an ultrasound imaging device. 

8. A method as recited in claim 1, Wherein the neW 
operation module comprises a boundary detection operation 
Which automatically detects a heart Wall and other bound 
aries in an ultrasound image. 

9. A method as recited in claim 1, Wherein the neW 
operation module comprises an image analyZer Which ana 
lyZes images produced by a color kinesis feature. 

10. A method as recited in claim 1, Wherein the neW 
operation module comprises a left ventricular volume cal 
culation Which analyZes a loop of images and calculates a 
volume of a left ventricle. 

11. A method as recited in claim 1, Wherein the neW 
operation module comprises a pisa calculation Which cal 
culates a surface area of a regurgitant jet. 

12. A method as recited in claim 1, Wherein the neW 
operation module comprises a speckle analysis Which ana 
lyZes speckle in an image. 

13. A method as recited in claim 1, Wherein the neW 
operation module comprises a cardiac mass calculation 
Which calculates a cardiac mass from an image. 

14. A method as recited in claim 1, Wherein the neW 
operation module comprises an acoustic densitometry cal 
culation Which calculates parameters related to the acoustic 
densitometry of an image. 

15. An apparatus for adding a neW operation stored in a 
neW operation module to an echocardiographic revieW 
station, the apparatus comprising: 

a detector detecting, by the echocardiographic revieW 
station, a presence of a neW operation module not 
previously present on the echocardiographic revieW 
station; and 

an execution unit executing the neW operation module 
from softWare driving the echocardiographic revieW 
station. 

16. An apparatus as recited in claim 15, Wherein the 
executing occurs Without reloading the softWare. 

17. An apparatus as recited in claim 15, Wherein the 
detecting checks a predetermined directory for presence of 
the neW operation module. 

18. An apparatus as recited in claim 15, Wherein the 
detecting is achieved by the presence of data produced by a 
preregistering of the neW operation module With the soft 
Ware. 
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19. An apparatus as recited in claim 15, Wherein the 

detecting is achieved by manually calling the neW operation 
module from Within the softWare. 

20. An apparatus as recited in claim 15, Wherein the 
echocardiographic revieW station displays moving cardiac 
images stored in digital form. 

21. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a module to execute along With 
softWare driving the echocardiographic revieW station, the 
module manipulating or performing calculations relating to 
digital images acquired by an ultrasound imaging device. 

22. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a boundary detection operation 
Which automatically detects a heart Wall and other bound 
aries in an ultrasound image. 

23. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises an image analyZer Which ana 
lyZes images produced by a color kinesis feature. 

24. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a left ventricular volume cal 
culation Which analyZes a loop of images and calculates a 
volume of a left ventricle. 

25. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a pisa calculation Which cal 
culates a surface area of a regurgitant jet. 

26. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a speckle analysis Which ana 
lyZes speckle in an image. 

27. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises a cardiac mass calculation 
Which calculates a cardiac mass from an image. 

28. An apparatus as recited in claim 15, Wherein the neW 
operation module comprises an acoustic densitometry cal 
culation Which calculates an acoustic densitometry of an 
image. 

29. A computer readable storage medium storing a 
method for adding a neW operation stored in a neW operation 
module to softWare driving an echocardiographic revieW 
station, the method comprising: 

detecting, by the echocardiographic revieW station, a 
presence of a neW operation module not previously 
present in the softWare; and 

executing the neW operation module from the softWare 
driving the echocardiographic revieW station. 

30. A computer readable storage medium as recited in 
claim 29, Wherein the executing occurs Without reloading 
the softWare. 

31. A computer readable storage medium as recited in 
claim 29, Wherein the detecting checks a predetermined 
directory for presence of the neW operation module. 

32. A computer readable storage medium as recited in 
claim 29, Wherein the detecting is achieved by the presence 
of data produced by a preregistering of the neW operation 
module With the softWare. 

33. A computer readable storage medium as recited in 
claim 29, Wherein the detecting is achieved by manually 
calling the neW operation module from Within the softWare. 

34. A computer readable storage medium as recited in 
claim 29, Wherein the echocardiography vieWing program 
displays moving cardiac images stored in digital form. 

35. A computer readable storage as recited in claim 29, 
Wherein the neW operation module comprises a module to 
execute along With the softWare driving the echocardio 
graphic revieW station, the module manipulating or perform 
ing calculations relating to digital images acquired by an 
ultrasound imaging device. 

36. A computer readable storage medium as recited in 
claim 29, Wherein the neW operation module comprises a 
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boundary detection operation Which automatically detects a 
heart Wall and other boundaries in an ultrasound image. 

37. A computer readable storage medium as recited in 
claim 29, Wherein the neW operation module comprises an 
image analyZer Which analyZes images produced by a color 
kinesis feature. 

38. A computer readable storage medium as recited in 
claim 29, Wherein the neW operation module comprises a left 
ventricular volume calculation Which analyZes a loop of 
images and calculates a volume of a left ventricle. 

39. A computer readable storage medium as recited in 
claim 29, Wherein the neW operation module comprises a 
pisa calculation Which calculates a surface area of a regur 
gitant jet. 

1O 
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40. A computer readable storage medium as recited in 

claim 29, Wherein the neW operation module comprises a 
speckle analysis Which analyZes speckle in an image. 

41. A computer readable storage medium as recited in 
claim 29, Wherein the neW operation module comprises a 
cardiac mass calculation Which calculates a cardiac mass 

from an image. 
42. A computer readable storage medium as recited in 

claim 29, Wherein the neW operation module comprises an 
acoustic densitometry calculation Which calculates an 
acoustic densitometry of an image. 


